Postoperative pain is a common complaint after total knee arthroplasty (TKA) \[[@ref1]\]. Appropriate management of this postoperative pain is important during the early rehabilitation period \[[@ref2]\]. Postoperative analgesia after TKA can be administered using several techniques, including intravenous (IV) analgesics, neuraxial blocks, and peripheral nerve blocks \[[@ref2]--[@ref5]\].

The use of a femoral nerve block (FNB) in patients undergoing TKA has increased recently, as it allows for early rehabilitation, and decreases postoperative pain, the use of opioids, and the length of hospital stay \[[@ref6]--[@ref8]\]. Some authors have stated that FNB is the gold standard for analgesia in patients undergoing TKA \[[@ref6], [@ref9], [@ref10]\].

If physically possible, it is advised to perform all peripheral nerve blocks under ultrasonographic guidance in order to increase safety and the success of the block \[[@ref11]--[@ref13]\]. However, when ultrasonography is not available, performance of peripheral nerve block using a traditional nerve stimulator (NS) is also a safe technique \[[@ref14]\].

Studies evaluating the use of FNB in patients undergoing TKA in our country are scarce \[[@ref15]\]. While patients traditionally received IV patient-controlled analgesia (PCA) after TKA at our institute, FNB has been used as a component of multimodal analgesia for the last year.

In this retrospective study, different modalities of postoperative analgesia administered to patients undergoing TKA at our institute were evaluated.

MATERIALS AND METHODS {#sec1-2}
=====================

After receiving institutional review board approval, the medical data of all patients who underwent TKA between January 1, 2016 and December 31, 2016 were retrospectively reviewed. Patient consent was not sought, as data were collected without patient identifiers.

Patient files were reviewed, and patients with the following characteristics were excluded: patients who underwent neuraxial anesthesia, bilateral TKA, American Society of Anesthesiologists (ASA) classification of physical health status IV, emergency case, psychiatric or neurological pathology that would interfere with evaluation of pain, and those with missing data. PCA follow-up forms were used for documentation of pain; therefore, patients with missing PCA forms were also excluded. Patient age, gender, body mass index (BMI) plus peroperative and postoperative analgesia regimens were noted.

All patients' peroperative analgesia regimens were analyzed. Patients with analgesia regimen that differed from standard protocol as detailed below were also excluded. The routine perioperative analgesia protocol of the institute is as follows: 0.1 mg/kg morphine, 1 g IV paracetamol, and 20 mg tenoxicam administered at least 1 hour before end of surgery. PCA is commenced in postanesthetic care unit (PACU). PCA included: 400 mg tramadol in 100 mL 0.09 sodium chloride solution to create 4 mg/mL concentration of tramadol. PCA was set to deliver 10 mg infusion per hour plus 10 mg bolus with 20-minute lock time. PCA forms were completed in PACU and follow-up in wards included hourly recording of VAS score and hemodynamic parameters. Postoperatively, IV paracetamol 3x1g was ordered for all patients by the surgical team. All other drugs used for analgesia were noted on the PCA forms. These drugs were cross-checked with electronic orders. Intramuscular diclofenac was used as rescue analgesia in all patients with a VAS score over 4 and 50 mg IV meperidine was administered if VAS score remained above 4 after 2 hours.

VAS scores were noted at 0, 2, 4, 6, 9, and 12 hours after the patient was transferred from PACU to ward. The maximum VAS score was noted for the respective time frame. For standardization, VAS evaluation until the 12th hour was used, as PCA was terminated at different times after that point. When the data were retrospectively reviewed, the patients were separated into 3 groups according to analgesia protocol:

Group 1 (0.25% bupivacaine): Twenty mL of mixture containing 10 mL bupivacaine (Marcaine 0.5%; Hospira, Inc./Pfizer, Inc., New York, NY, USA) + 5 mL lidocaine (Aritmal 2%; Osel İlaç Sanayi ve Tic. A.Ş., Istanbul, Turkey) + 5 mL physiological saline.

Group 2 (0.166% bupivacaine): A solution of 24 mL was prepared (8 mL bupivacaine \[Marcaine 0.5%\] + 5 mL lidocaine \[Aritmal 2%\] + 11 mL physiological saline) and of this mixture, 20 mL was injected for FNB.

Group 3: No femoral block.

The local anesthetic concentration and mixture preparation used was according to the preference of the anesthesiologist.

In all cases where FNB was used, it was administered at the end of surgery under conscious sedation. A nerve stimulator (STIMPOD NMS 400; Xavant Technology, Silverton, Pretoria, South Africa) and an insulated Stimuplex (B. Braun Medical, Inc., Bethlehem, PA, USA) needle were used. Antiseptic solution was used to prepare the skin of the femoral area of the ipsilateral side of the TKA. An insulated 5-cm needle was inserted immediately lateral to the femoral artery at the femoral skin crease. After negative aspiration to check for blood, anesthetic agents were injected into the location where 0.25-0.5 mA twitch of the quadriceps muscle (lateral and medial branches) was observed.

Statistical analysis {#sec2-1}
--------------------

SPSS for Windows, Version 16.0 (SPSS, Inc., Chicago, IL, USA) software was used for statistical analysis. Mean±SD was used for descriptive statistics. Ratios were compared using chi-square test. Qualitative data was compared using Fisher's exact test. Continuous variables were compared using one-way analysis of variance with post hoc Tukey analysis. A p value of \<0.05 was regarded as statistically significant.

RESULTS {#sec1-3}
=======

The medical files of 79 patients were retrospectively reviewed. Seven patients who underwent spinal or spinal-epidural anesthesia, 2 patients with a history of psychiatric drug use, 2 patients who used different dose of PCA, 2 patients with different concentration of local anesthetic agents, 2 patients with early termination of PCA due to technical issues, and 1 patient who underwent bilateral TKA were excluded from the study. The data of 63 patients (49 female, 14 male) were included in the study. Inclusion flowchart is provided in [Figure 1](#F1){ref-type="fig"}.

![Flowchart of the study methodology. FNB: Femoral nerve block; PCA: Patient-controlled analgesia.](NCI-4-124-g001){#F1}

The average age of the study patients was 64.3±14.9 years and average BMI was 32.5±5.3 kg/m^2^. The age, gender, ASA score, BMI, anesthesia type, and surgical time for all groups can be seen in [Table 1](#T1){ref-type="table"}. Comparison of these data between groups revealed no statistically significant difference (p\>0.05).

###### 

Patient demographics

                            All patients (n=63)   Group 1 (n=22)   Group 2 (n=26)   Group 3 (n=16)   p
  ------------------------- --------------------- ---------------- ---------------- ---------------- -----------------------------------------
  Age (years)               64.37±14.91           68.59±7.66       63.60±15.90      59.75±19.56      0.188[\*](#t1f1){ref-type="table-fn"}
  Male/female (n)           49/14                 20/2             18/7             11/5             0.177[\*\*](#t1f2){ref-type="table-fn"}
  ASA I/II/III (n)          10/25/28              0/10/12          5/10/10          5/5/6            0.079[\*\*](#t1f2){ref-type="table-fn"}
  Average BMI kg/m^2^       32.50±5.37            33.89±5.73       31.64±4.89       31.95±5.55       0.328[\*](#t1f1){ref-type="table-fn"}
  Surgical time (minutes)   126.8±15.9            127±14.5         122.6±16.3       125.8±17.2       0.616[\*](#t1f1){ref-type="table-fn"}

ASA: American Society of Anesthesiologists classification of physical health; BMI: Body mass index.

Analysis of variance;

Fisher's exact test probability.

When VAS scores at 0, 2, 4, 6, 9, and 12 hours were compared there was a statistically significant difference between groups. Post hoc analysis revealed no difference between Groups 1 and 2 at any time period. However, when difference between Groups 1 and 3 and Groups 2 and 3 were compared, the difference was statistically significantly for VAS 0 (p\>0.05) and extremely significant for other VAS time frames (p\<0.01). VAS score comparison between groups is shown in [Table 2](#T2){ref-type="table"}. VAS scores and SD are illustrated in [Figure 2](#F2){ref-type="fig"}. [Table 3](#T3){ref-type="table"} reports the postoperative analgesia protocol used by the orthopedics clinic in patients who required additional analgesia. There was an extremely significant statistical difference between groups when the use of additional anesthesia was analyzed. When compared to other groups, Group 3 had 104.2% more patients receiving additional analgesic, which was statistically significant. There was no difference between Groups 1 and 2.

###### 

Average postoperative Visual Analogue Scale pain score according to group

                Group 1     Group 2     Group 3     p
  ------------- ----------- ----------- ----------- ---------
  0 hour        2.77±1.15   2.84±0.94   4.44±1.96   \<0.001
  2^nd^ hour    2.23±1.15   1.80±0.65   4.25±1.69   \<0.001
  4^th^ hour    1.68±1.08   1.60±0.65   3.62±1.10   \<0.001
  6^th^ hour    1.41±1.08   1.48±0.71   4.0±1.41    \<0.001
  9^th^ hour    1.64±1.04   1.40±0.81   4.25±1.39   \<0.001
  12^th^ hour   1.45±0.85   1.20±0.81   4.0±1.75    \<0.001

![Postoperative Visual Analogue Scale scores at postoperative time intervals according to group. Green represents the maximum 3^rd^ quartile (3/4) and red represents the minimum first quartile (1/4). VAS: Visual Analogue Scale of pain.](NCI-4-124-g002){#F2}

###### 

Additional analgesia requirements of the patients by group

                                  Group 1 (PD)   Group 2 (PD)   Group 3 (PD)   p
  ------------------------------- -------------- -------------- -------------- ---------
  No additional analgesia         16 (+27.3%)    18 (+26%)      2 (-78.1%)     \<0.001
  Additional analgesia required   6 (-36.4%)     7 (-34.7%)     14 (+104.2%)   
   Diclofenac                     3              5              5              
   Diclofenac and meperidine      3              2              9              

PD: Percentage deviation.

DISCUSSION {#sec1-4}
==========

In this study we retrospectively reviewed the data of patients who underwent TKA at our institute. Patients who had FNB administered were found to have less pain during the first postoperative 12 hours and required less analgesic agent. Bupivacaine at 0.25% and 0.166% concentrations was used. When the 2 groups with different concentrations were compared, there was no difference between patient VAS scores or additional analgesic requirement.

The administration of peripheral nerve block under ultrasound (US) guidance is the safest and most accepted method. The authors do not claim that peripheral nerve stimulator (PNS) is as successful and safe as US guidance. The aim of this study was not to compare PNS with US, but to evaluate the use of different concentrations of bupivacaine in FNB.

Postoperative analgesia in TKA patients has been the subject of much research. While epidural analgesia was once considered the criterion standard for TKA, this has now been replaced with FNB \[[@ref9]\]. However, FNB may lead to some undesirable effects. The most important of these is FNB-related quadriceps weakness \[[@ref2], [@ref16], [@ref17]\]. It has been suggested that blocking the femoral nerve more distally within the adductor canal could help prevent this effect \[[@ref4], [@ref18], [@ref19]\]. However, adductor canal block is an advanced nerve block technique that is performed using US guidance. In our institute, we prefer to use FNB, as it is easily performed using a PNS and US is not available. Although we did not routinely evaluate quadriceps weakness in our patients, no falls were reported in their files.

There are a limited number of studies regarding FNB use in TKA in our country. Sahin et al. \[[@ref15]\] performed US-guided FNB using 40 mL of 0.5% bupivacaine after T12 regression of spinal anesthesia. Their study reported significant decrease in opioid consumption with sufficient and effective analgesia for up to 48 hours. In another study from our country, 20 mL of 0.25% bupivacaine was administered near the femoral nerve with US and/or PNS guidance followed by placement of a catheter. Continuous bupivacaine was administered at a concentration of 0.125% with sufficient postoperative analgesia observed \[[@ref20]\]. They reported no difference in analgesia effectiveness, length, or procedure performance (time, success, etc.) between patients undergoing FNB with or without US guidance.

These 2 studies differ from ours in design and objective. However, the concentration and volume of bupivacaine should be discussed. Sahin et al. used 40 mL of 0.5% bupivacaine, a larger volume and concentration compared with our study. Aytac et al. \[[@ref20]\] used 0.25% of bupivacaine concentration. We were unable to find a study that used our low concentration of 0.166% bupivacaine as the single shot or initiation dose. All patients in our study had a single injection for FNB. Our findings have demonstrated effective analgesia at low volume and concentration.

The success of FNB is dependent on numerous factors, including the concentration and volume of the local anesthetic. There are several studies comparing different concentrations of bupivacaine for FNB \[[@ref21], [@ref22]\]. In a randomized, double-blind study to determine the minimum effective concentration of bupivacaine in US-guided FNB for knee meniscectomy, bupivacaine was administered at concentrations ranging from 0.15% to 0.35%. Effective concentration (EC) 50 and EC90 were found to be 0.160% and 0.271%, respectively \[[@ref21]\]. The concentrations of bupivacaine used in our study were within this range.

Many studies have evaluated the effectiveness of FNB or have compared it with another analgesia method in TKA. A large majority of these studies have reported the use of 0.25% bupivacaine for single dose FNB \[[@ref3], [@ref8], [@ref15], [@ref23], [@ref24]\]. When the catheter was placed near the femoral nerve, bolus of 0.25% bupivacaine was followed by 0.125% concentration as a continuous infusion \[[@ref20], [@ref25]--[@ref27]\]. Most studies report 0.25% concentration of bupivacaine as the single shot or initiation dose. We have demonstrated that a single injection FNB with bupivacaine concentrations of 0.166% and 0.25% administered as part of a multimodal analgesia regimen are just as effective.

Our study has some limitations. The primary limitation is performing FNB without US guidance. Another is that the presence and duration of motor block, quadriceps weakness, and fall risk scores plus VAS scores after the 12th hour were unavailable from patient files. Determination of tramadol consumption in patients with tramadol PCA would have added value to the study. However, analysis of rescue analgesia use partially decreases the effect of this limitation.

Although there was no statistical difference in the demographics and surgical time between groups, the study's retrospective design means that the groups may not be similar with regard to surgical trauma and severity or degree of damage to the knee. A well-designed prospective study that takes all demographics and confounders into account is required for a better level of evidence.

CONCLUSION {#sec1-5}
==========

This study has demonstrated that FNB used in addition to our routine clinical analgesia protocol significantly decreased postoperative pain intensity and additional analgesia requirement in patients who underwent TKA. A concentration of 0.166% bupivacaine was as effective as a concentration of 0.25% when used as part of multimodal analgesia regimen in TKA.
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